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Figure 1. Form of some out-of-plane vibrations of substituted benzenes. 
From data of Cole, A, R, H, and H. ¥. Thompson, Trans, Faradagr Soc, 
U6, 103 (1950). 
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ATOMIC WEIGHT OF SUBST1T"ENT ELEMENT 
Figure 2. Frequency of the G-H bending vibration atomic weight 
of substituent atom for monosubstituted benzenes. 
See opposite page for key. 
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SUM OF SHIFTS IN MONOSUBSTITUTED BENZENES 
Figure 3» Variation of the frequency of the 12 micron band of para-
disubstituted benzenes as a function of the sum of the shifts 
caused bfy the substituents in monosubstituted benzenes. 
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Figure Variation of the frequency of the 12 to 13 micron band of meta-
disubstituted benzKies as the substituents are changed. 
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Figure FrequeB(^ of the u to 12 micron band in loeta-disubstituted 
benzenes vs. sum of band shifts caused 1:^ the substituents 
ijQ monosuBstituted benzenes. Vertical lines connect points 
found for individual eos^ounds when choice of a particular 
absorption band could not be loade* 
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Figure 6» Variation of the frequency of the 13 to lU Biicron band of 
loeta-disubstituted benzenes as the substituents are chained* 
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Figure 7» Spectra frcaa 11.5 to lit microns of some 
para-dLsubstituted benzenes# 
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Figure 8. Spectra from 12 to lit.S microns of some 
noraal monosubstituted benzenes. 
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Figxire 9« Spectra from 12 to lU»8 microns of some 
monosubstituted benzenes with anomalous 
band patterns# 
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Figiare 10 • Spectra from 13 to lb niicroias of (from left to right) 
pher^lacetic acid, dipheoylacetic acid, and tripheiQrl 
acetic acid as ndneral oil slurries* 
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a* Possible potential 
functions for out-of-plane 
hgrdrogen bending vibrations* 
Ingle 0 is measured from. 
plane of the ring. 
b« Possible potential 
functions for in-plane 
hydrogen bending 
vibrations. 
c* Possible potential functions 
for C-H stretching vibrations# 
C - H  
Figure 11. Possible potential functions for some vibrations of 
substituted bexizenes. The solid line is for the case 
of no hydrogen bondj the dotted line, for the case of 
a liydrogen bond involving the ring hydrogen atoms* 
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RATIO OF PHENYL TO RVRA-TOLYL GROUPS 
Figure 12. Analytical curve for functional group analysis of 
tetra-arylsilanes and hexa-aryldisilanes containing 
phenyl and para-tolyl groups. 
I f 1 r 
I I  
f 
I  
I 
i i u  
i 
S  i  
1 E E ' J 
I  S  I  I  
I 
f f 
I 
I I  I t 
I  I 
I I I 4 I I 
S h 
<& m' 
i 
m m 
s i 
sit 
%«• 
4»^  
9 & 
i4 
m 
§ 
* • 
ft I t 4» $t 
M . ^ "m 
5 W i 
^ m ii 
|. t 
3 
f  ^ 1 
_ M  ^ f 
•r4-
f a s *  
I  »  ^  S  ® m so 
# 
mmS-t^f 
i 1 ® 
1- m .» 
5- M 
9t 
W' 
# • 
m 
M 
9 
J g M i # 9' 
# € I I 
I I  ^ « I ^ I I I m & # 

tmlrn i*  ^  ^ m 
m cm^ iii) 
sa* 
583 
m $06 
S$2 
lit* 
m 
i^ s 
fcif* ***" v 
fell# m 
i^ ii. 
lis8* 
i.i.jt wlpijflw 
uis 
wt9* 
m 
*m%»>  ^i* £• .fii^ itar im. ^ 
!««• iM'mmUm it m @f pi»»» 
dS.sredNi't^^Siift baroNMMiW "Ktel-s jpsstSB®# feii-% ttStii# tlisS wwtll^ ls 
#'tero§'1teni<w|qppbtfs ssbeintilsmltos *9t» ^  %0o 
i^it<5iiiaj,||gii.f, w'tenn»|n'^ !sgf3»iliua<i % vtopeag 
mi- * at il@ mA 6M m*h 
•m>%. 
s^ sys.s'ssoib^ bsii fiyih' ii l^ h^l 'it '0^ 6*^ 3®^ ' 9^ 1^ s% 
H 'IStoPS-'ISi^  SWW  ^ li% §9$. PI " • ^Wnfc 
s^ s€is9fa %0' ii^ p'f'-^ llif^  i^ ii^ mii 
SW9^USS&S^ nt'to %l!# miui9 i^s -sitinll^ e^wbs s^ 8s -s# ''!&# -ihlhmsk' imp '£&f stel 
s®|®6sa.tesm«'6&s#d ihumntobhi* aiwyi jawit 
 ^wf sfh' •sai63ii®'' %@ sfwi'tirtib sstsbw"^  ^
%6>1^ 3isl,l.ibras'|t. nns il& % nniyiftg tstfliwviiisgflss^ tibtobs ttml 
mlilibiinni ®@®si^ bsdbi^  ^ @'ih i^ lwiys fff4 x testoihi 6itii3pi®n 
SSfiLStS.® 1l®Sil iERWiSSlI pNB'BSiSS *"# y»a»rf .^fy tW^pBdiiKNl.* 
f!!te swages '9jf 'l.^ ft l|fly|^ ||'tii.<mi wwyttwifimlift -aibsts^ p^ t^ob 
bwssss^ * & iite tesbtoisi' 'sim s^' mil 6^  swt*^  imkm 
"libiii nfi^  ii^ |f i^ tepsktihwisji yip[||fgf|j|^   ^
i'WB &£ tils irilfclwtetoB %$ 'alwsyss 'S  ^Mmh  ^iriLWsSSjlB s3Ls# 
iam^mm mmgmmf^ m ^  llw» mil tiM « i34g^ t3r 
4l4ff#rwi%' '^ h# omyfewi 'StiNMi Mt' %lw sSiiS#  ^ttes irliiig Ss 
tie m. litepamiwae uf ••*»*> ssi^ tobmeafc cef tl6b i* tl® sfc 
#f 'Wm 9hm&m 
ss mnyifiii^ iyif^ '^  yii s$dl^ ts $w$dmii?33r %ct 
|^ ||yi||t-j||0'|y^ g sidbstdlisbtiibbs it%ii^ iiii^  sdlsli ibsbtt' 
1 i 
I I  
I 
I 
i 5 i 
% I I I 
f I I i| 
i ^ 
i  
I  
I i  
I  
I 
@£1*4^ 119 1% 34^ 3^  stewt wo 
slte9il8r9»»pNtlrft 9#»rttliiti«m' lAII!)» imm& i». tM# r90.m f®r Usui 
!slt% l^l%it bttpb tedis $#2jyinl%#4' *^8®si8®ss 
#f* wsstintsi.'int'^ pi' ^ yinttbs ^  mil^  & 'islsfiibssss® ^  v&gi^  ^
t*f|:t1l1f:t ' 
I  
I I I ' ' ' .  1  I  '  »  M  «  -
3  n  i  H  
I  I  I  !  I  I  I  I  I  
• I 
^ M i ! .  
I 
t  
1 I I I I" 
I f  i  I 
n i l  I  
:  i  
1 1  f  
I  
«  I  ^  i  i i U i  
I  
! 
! 
I 
«  J  
M !  
! 
M 

•• *1. wim ^9 tte- Immi^  &% 7# sn im tte MfiM« «»d i^is 
* 
^mA ftt i0 mT iM U.qttS4 is tmm iMek ^  hn^betgm 
is Is ite .f»l«  ^af fNt fiBi end is psrtarM  ^^  @*i. 
irilirati^ * fk» tmm in &t«ii is mit 9t tte pljuui 
®ir is mm »^ 1&, sines 1% it -fsfsists 
•t Ijw tinpKr«tex>«* Wmmm m£ fUffioul'^  vltb tmwmMm ^  frest 
m ifiBdiinit it mm p@f«£bl« to stii#' tiNt •ftm% ^  ^ 
siif)l« fir^ hir im to istwemne ulaithimr' at 31? 
wmM iisiisifnmti' 

1 5  
I I  
'w^  &^inil.'ll^ 3»# esstitlash *s83f6mi<®ub 'bs'temihffli sttb* 
ii%i.'lmui% to b^s' '%o 1&'•j^  rtffpwa 
,£&jp dishtebss-telwls tts jfiq|> tow> ibsbttlmte*' 
ssittttiid 'bmswse#* a «»•.<»« f&etor la atodhrljbff tiws#- i* 
1  ^lOMi^ liifi ba  ^otf some MbaMtwmt p i^q^* 
4« «girfaiwtn<.«^  'qf 4iwft .fsi8e6%ssiitit ipi*®!!!. •«**«tyif|,f •'fee'ttie»#iy2iss3lsb6b* 
ifaif4 h^ mimfyy.m.ifftlt^ kf»itif .aww-^ j^ iy-tiig 'pliatiyl jinj'' |>«.^ fai'%y'^ ' gymy^ >j|- |®-'otitwe* 
mw^ pwrniimim pjwwufew wl ^ wtppii»w<*mf#' 4-jw' i^ lnrwspiro®jma@ i#-s3rwb$l ^^ i^ppiwwbup m*w 
»&t et«ttl@ bdsmfti of into j^nmi iNi^ 0at34» t^riNMS* 
iiawiwiimniw &f tmimmtm^ nm^  m.m-^  mmd immd hmm »*% '"741% lmt*» 
parw^ mwmti «fl9pp jmp&itwr 'ilwwppsbenv «xw jprw&^ ejtop hewfvswf whb 
shutiiil 1Ni %#yltf€'<: X% lit ^] i^ii9l>l^ 'ii l^ his Aim sroi^ fMSiS #ww 
©©fldui 1^  !l-imrt jf#!* ttei i^ lsbwstw'ji ms#;^  ihd hjfll'i' 'ssl^ isiross tm jt&3t "tim 
st3*®6s« 
•*73** 
1» Mm%f J* md. i* I« 9mmh$ Ind. £<Jig«' A«i4» M.* Wt tP 
c«%tk 
t* I« l#i #•: fV«» li .Its ?li CiS^35)» 
3« i« !• ite&. S0e* 
ii.« batthitt s« b*^  e« 6« tmi.# w. aeul f. i« willi-iimit 
aaa3.«  ^lot af^ )« 
5, !• X«|^  i* i« f"mOmp$ I« Wmmt maA l« ft« .£»fr«i«d 
itw t&tUf 3.^  ^• 
i. », 1., %i, g«« lift. ^  ,3ft ci00). 
7. Sm^t i. I« md <»tfa«rs« #» mm, Sm, m^Mm 
m$*333 
8. f«. 1. aoid 1* QTmg£&e<it i, 0im^ . fl^ rg, j|^ « tsfj^  iff « 
9* i*. mi s* t« fivrt i* ibmi* plifs* ||t 7ti 
%§, i« i* itti 9* W# §e#%t| J« !«» §£$ §^3 Clfid)* 
31. 'mUr, S. S.t 9i8«. Wmmrnr 31  ^
3J« i«pidgii»»S l^Jr» A.. aM #. J* lifniqat r&€.i Serl»s 8« ?» 
M iism* 
i|«. Mlt I*** K« msA 1* i» fm®» frm, Sm, 
I^ 4m$ uti# bfl 
3^ « 4. &• 1* sad i» M« frma* fir«^  Sinb. ^  Ml 
%S, WMwi^$. 8. Ii« mA 7* laiS.. Ghfiii. ^  lU (1^12) • 
.M* II* 3* «ii §« 1. i* !• ip^-. AoIa |yi 171 • 
2,7. BwmMy K. i»» V* .S»Mbi31f. ^a»i f. S. WHHattSg Xiii. 
knA, m, Jgp: 09 
is. iaisrit q. uai s. #. q|pt« i@e« aa. 
if. fSrleff S, M»- ami $* W« Beters# J. Kat*!.. Wm, Si^ *. & 'Ib^t 
(wsb). ae* 
fi. 
imiim§ 8« !•. sna i« i* lium# s«@:* 
h. ». 
ML* A«» • lit* i#* IfSD* 
]^Le%% M* S%* f«f I. iltiii* doir* .(teiiHi) f# (IfSl)* 
a«3Pi# ». f* ®» «ai^  I. i» !• itaw.  ^ < 
$wiit»i% #*» A»ai.* $^mm- &: $33' 
i9r«di $m» %m§m 4lll» Hi 
I* t«^ %». ft* ^ t# 1* 
im im* §km* $«§• 
taaa i* 
CXS>$2). 
imeaeiMm iii«l^ lt«ttt W»mmimh 'i«iimtgii 
xmmtnl*' ff llittefioungr* ifttilit @f spufslfio. &•%«« 
teiidL ]i»« 'liiS* 
i). 
•II. 
i«i34r» h» ||^  » ci 
i* i*i Sm iitiii* nr«« ^  
^^Er«bimi« S. i« Ifb 
imi Sm m« 8@®. 
nrwiosl^  &• #•!' #• to* s@e« j|p: it#' 
.^ lari^ i w»» attt* iqfvt, ^  t|0 (.101)* 
ftaimttt*# ©f trn'bmUm* m mtrn* 
Smriikl i#* 1j026* 
it. 
§• B«.|) Irim* fii>«ii@r 'Sm* J|i if# 
j* #» luii A* !• frmi^  ispiX i#e* 
b. ?• nail., tf, ,^ 4^^  rm. i|7 (ifld-
xi^ #3^  @« £'#j| 0* q*. $39^  0*. %m w3intt§ sinn* s<ps* 
<3U»4©») ms iW36)^ 

.*u» 
. 3stew' ic fh& '^ :fyf>fff|m•g^ m.igtia t-i!ti|is^ f^^ .w£ -g^ u^S^  &£' "timi 
sEffllWF #£ lnM bim iiiidysA'lwl 'If tiii 
 ^1^«' 1« 'iiJIma. ioi i* $• Swmpti and mmw  ^tbuljr 
tt8ii06la4ilmt' we^ tt -smibsiss «^war q# tih*: thsbbwimiajm mmri* 
irasbilei 1^  li#' .-sbviirs* ppjb^ rax 's3ijlfl^ wpl^ ww 
fim m^mt i« 0m/0^ %© ar# v. a. fascmo. im hii fam«MMi 
w!lx#i! ## "utiliff #.@$|#s.4wpw1* £lp#site» ti3j@wbfc4 
itii simi stonstttb ib@tosai' ttdui ifii^ i£ <*b23f' % 
•i|iswsw8s®h asss 'bhillbstsflis' ''l'is38iflb$s tteibb yyy himmmsi 
«e«riki« 
